Streptomyces odonnellii sp. nov., a proteolytic streptomycete isolated from soil under cerrado (savanna) vegetation cover as sole sources of carbon and nitrogen. The strain produced white to grey aerial mycelium and spiral chains of spinysurfaced spores on the aerial mycelium and did not produce diffusible pigments. The LL-isomer of diaminopimelic acid was present in the cell wall and menaquinones were predominantly MK-9(H6) (52 %) and MK-9(H8) (30 %) with 6 % MK-9(H4) and slightly less than 1 % MK-9(H2). Polar lipids present were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and an unknown phospholipid. The major fatty acids were anteiso-C 15 : 0 , anteiso-C 16 : 0 , anteiso-C 14 : 0 and anteiso-C 17 : 0 . The G+C content of the genomic DNA was 70.4 mol%. Phylogenetic analysis of the nearly complete 16S rRNA gene sequence indicated that it differed from described Streptomyces species. Multilocus sequence analysis (MLSA) using five housekeeping genes (atpD, gyrB, rpoB, recA and trpB) comparing Streptomyces type strains showed that the MLSA distance of strain 594 T to the most closely related species was greater than the 0.007
The genus Streptomyces was first described by Waksman and Henrici [1] as filamentous Gram-positive bacteria belonging to the order Actinomycetales. Strains of the genus Streptomyces are widely known and have been studied for their broad metabolic capabilities and their ability to produce pigments, antibiotics and hydrolytic enzymes, making them a fascinating group for biotechnological applications [2] [3] [4] . Strain 594 T was first isolated from a soil sample collected from the Brazilian cerrado (savanna) [5] . The soil sample came from the ecological park and research station at CENARGEN/EMBRAPA in Brasília, DF, and was collected at a depth of 15 cm from a dark-reddish latosol under natural vegetation. The proteolytic activity of strain 594 T was initially described by De Azeredo et al. [6] and the thermostability and chitinolytic activity of its enzymes were further described by De Azeredo et al. [7] .
Morphological and physiological characterization of strain 594respectively. Fatty acid methyl ester (FAME) profiles were determined using the standard protocol of the Sherlock Microbial Identification (MIDI) system [14, 15] and the quantification of FAME peaks was via the TSBA 5.0 database. Polar lipid profiles were determined using the method of Minnikin et al. [16] , as modified by Kroppenstedt and Goodfellow [17] . Menaquinones were extracted and purified using the method of Collins et al. [18] and subsequently analysed by HPLC [19] .
Extraction of genomic DNA from strain 594
T was carried out as described by Rintala et al. [20] . PCR amplification of the 16S rRNA gene was carried out by using a Gene Amp PCR System 9700 (Applied Biosystems), thermocycling and primers as described by Edwards et al. [21] . Amplified fragments were purified and sequenced directly by using the PureLink PCR purification kit (Invitrogen) and an ABI Prism dye terminator cycle sequencing reaction kit and ABI Prism Genetic Analyzer. The sequence was deposited in GenBank with the accession number EU621880. The identities of species closest to strain 594 T were determined from the EzTaxon-e database [22] by searching against the database with the 16S rRNA gene sequence. The 16S rRNA gene sequence of strain 594
T was manually aligned with the 16S rRNA gene sequences for all valid Streptomyces species [23] , and the phylogenetic tree was inferred from this alignment (1303 bp) using the Tamura and Nei evolutionary distance method [24] and the neighbour-joining algorithm of Saitou and Nei [25] in MEGA 7.0.18 [26] with bootstrap support for branch points determined from 1000 re-sampled datasets [27] . Phylogenetic relationships among strains were also reconstructed using the maximum-likelihood algorithm [28] . For multilocus sequence analysis (MLSA), genomic DNA was isolated from the strains listed in Table 1 using UltraClean microbial DNA isolation kits (MoBio Labs) following the instructions of the manufacturer. Partial sequences of the housekeeping genes atpD (ATP synthase F1, beta subunit), gyrB (DNA gyrase B subunit), trpB (tryptophan gene, B subunit), recA (recombinase A gene) and rpoB (RNA polymerase beta subunit) were amplified and sequenced using the primers and protocols previously described [29] [30] [31] [32] . Amplified products were purified using ExoSAP-IT (Affymetrix) and sequenced using BigDye 3.1 on an ABI model 3730 sequencer in the National Center for Agricultural Utilization Research core sequencing facility.
The gene sequences for the five housekeeping loci were deposited in GenBank (see Table S1 ) and were also organized using the Bacterial Isolate Genomic Sequence Database (BIGSdb) version 1.15.4 [33] on the ARS Microbial Genomic Sequence Database server (http://199.133.98.43). The genome sequences for Streptomyces lushanensis NRRL B-24994 T (MAUD00000000) and Streptomyces scopuliridis NRRL B-24574 T (JOEI00000000) were uploaded into their respective sequence bins in the BIGSdb isolate database and scanned to identify the alleles of the five housekeeping genes. As described by Labeda et al. [32] , housekeeping gene sequences were individually aligned using MAFFT [34] and the aligned loci were concatenated in-frame prior to export in FASTA format providing a dataset of 660 strains and 2608 bp. Phylogenetic relationships were reconstructed from the partitioned gene data in IQ-Tree version 1.41 [35] using the maximum-likelihood method based on the General Time Reversible Model [35, 36] , GTR+F+I+G4, following the procedure described by Labeda et al. [32] , which included 1000 ultrafast bootstrap replications [37] . This was followed by assessment of branch supports with single branch tests with the SH-like approximate likelihood ratio test [38] , also with 1000 replicates. The clade illustrating the phylogenetic position of strain 594 T (=NRRL B-24891 T ) and the phylogenetically nearest neighbouring species is shown in Fig. S2 . The reader is directed to Labeda et al. [32] for the phylogenetic position of this clade in relation to the other species within the Streptomycetaceae. MLSA evolutionary distances were determined using MEGA 7.0.18 to calculate the Kimura two-parameter distance [39] as shown in Table S2 . Strain pairs having less than 0.007 MLSA distance were considered conspecific based on the guideline empirically determined by Rong and Huang [40] that this distance equates to 70 % DNA-DNA homology. The draft genome sequences of two strains, strain 594 T (NRRL B-24891 T ) and S. lushanensis NRRL B-24994 T , were also determined during this study. The draft genome sequences were deposited in the NCBI Whole Genome Shotgun database with accession numbers LATD00000000 and MAUD00000000, respectively, and the G+C content determined from these genomes was 70.4 and 70.3 mol%, respectively. The draft genome sequences of S. scopuliridis RB72 T (NRRL B-24574 T ) and Streptomyces niveus NCIMB 11891 T had already been determined and were available in the NCBI Whole Genome Shotgun database under accession numbers JOEI00000000 and AWQW00000000, respectively. In silico calculation of estimated genomic DNA-DNA hybridization (DDH) values between the genome sequences of these four strains was calculated on the GGDC web server (http://ggdc.dsmz.de/distcalc2.php), using GGDC 2.0 [41, 42] , and the results are shown in Table 2 .
The chemotaxonomic analysis of strain 594 T revealed diagnostic characteristics typical for species within the genus Streptomyces, including the presence of LL-diaminopimelic acid in the cell wall and menaquinones that were predominantly MK-9(H6) (52 %) and MK-9(H8) (30 %) with 6 % MK-9(H4) and slightly less than 1 % MK-9(H2). The polar lipids present were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and an unknown phospholipid. The major fatty acids were anteiso-C 15 : 0 , anteiso-C 16 : 0 , anteiso-C 14 : 0 and anteiso-C 17 : 0 . The spiny-surfaced spore morphology of strain 594 T is shown in Fig. S1 along with the spiral nature of the spore chains (Spirales). A subsection of the phylogenetic tree reconstructed for all valid Streptomyces species based on 16S rRNA gene sequences shows the phylogenetic position of strain 594 T (Fig. S2) as a distinct line closest to S. lushanensis NRRL B-24994 T and S. scopuliridis RB72 T ; strain 594 T shared 99 % similarity with S. lushanensis NRRL B-24994 T .
These two strains can be differentiated based on several morphological and physiological characteristics, as shown in Table 1 . The phylogenetic placement of strain 594 T based on analysis of the concatenated alignment of the five housekeeping loci is shown in the phylogenetic tree in Fig. S3 . Table S2 highlights the evolutionary distance between strain  594 T and its most closely related species. In Table S2 , the MLSA distance of strain 594 to these species was greater than 0.007, which has been determined empirically by Rong and Huang [40] to be equivalent to 70 % genomic DNA-DNA relatedness, supporting the proposal that strain 594 T represents a novel species within the genus Streptomyces.
The draft genome of strain 594 T (=NRRL B-24891 T ) (GenBank LATD00000000) was compared with that of S. lushanensis NRRL B-24994 T (GenBank MAUD00000000), S. scopuliridis NRRL B-24574 T (GenBank JOEI00000000) and one near neighbouring taxon, S. niveus NCIMB 11891 T (GenBank AWQW00000000). DDH estimates were calculated by the GGDC 2.0 BLAST+ method between the proposed novel species represented by strain 594 T (=NRRL B-24891 T ) and these other taxa. Values were substantially less than the 70 % recommended for delineation of species (see Table 2 ) and demonstrate conclusively that this strain represents a distinct novel species in the genus Streptomyces, for which the name Streptomyces odonnellii sp. nov. is proposed.
DESCRIPTION OF STREPTOMYCES ODONNELLII SP. NOV.
Streptomyces odonnellii (o.don.nell¢i.i. N.L. gen. n. odonnellii of O'Donnell, named in recognition of the contributions of 
L-serine and L-valine are utilized as sole nitrogen sources, but not a-aminobutyric acid, arginine, cysteine or L-methionine. Arbutin, chitin, elastin, gelatin, hypoxanthine, L-tyrosine, starch and xylan are degraded; allantoin, guanine, pectin, urea and xanthine are not degraded. Catalase is produced, but H 2 S is not and nitrate is not reduced. Grows well at 28 C, but not at 45 C. Grows in the presence of crystal violet (0.0001 %) and at pH 4.3 but not in the presence of sodium azide (0.1 %), 4 % (w/v) NaCl or phenol (0.1 %). Resistant to penicillin G, but not to gentamicin sulfate, neomycin sulfate, streptomycin or vancomycin hydrochloride.
The type strain is 594 T (=IMPPG 594 T =DSM 41949 T =NRRL B-24891 T ), which was isolated from a dark-reddish latosol under natural vegetation cover. The draft genome sequence accession number is LATD00000000.
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